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(54) Recording medium, reproducing apparatus, reproducing method, recording apparatus, and 
recording method 



(57) A recording medium, £ recording apparatus 
and method, and a reproducing apparatus and method 
are disclosed herein. The recording medium has n 
recording regions, in which n trains of sampled data 
items are recorded, respectively. Any sampled data hem 
of each train being an n-th item generated from the input 
analog audio signal. The recording apparatus and 

16 0 



method are designed to record n trains of sampled data 
items in the n recording regions of the recording 
medium. The reproducing apparatus and method are 
designed to reproduce the n trains of sampled data 
items from the n recording regions of the recording 
medium. 
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Description 

BACKGROUND OF THE INVENTION 
[Field of the Invention] 

[0001] The present invention relates to a recording 
medium having n recording regions in which n trains ot 
sampled aata items are recorded, respectively, such 
that the sampled data iiems ot any train may not overlap 
tne sampled data hems ot otner trains. The sampled 
data items having been generated by sampling and 
quantizing an input analog audio signal at a sampling 
frequency of n x fs (KHz), and any sampled data hern of 
each train is an n-th iiem generated from the input ana- 
log audio signal. The invention also relates to an appa- 
ratus and method tor reproducing the sampled csta 
items trom tne recording medium and an apparatus and 
method for recording the sampled data items on the 
recording medium. 

[Prior Art] 

[0002] Digital audio data is recorded on compact 
disks (CDs: trademark) which are widely used at 
present as recording media for high-quality sound. The 
quality of the sound represented by the audio date 
depends on two major factors. The first factor is the 
Quantization bit number. The second factor is sampling 
frequency. The digital audio data recorded on a com- 
pact disk is one that has been sampled at 44.1 KHz : fil- 
tering out signals of 20 KH2 or more by means of a low 
pass filter. This is because the upper limit of human 
audio-frequency range is said to be 20 KHz. 
[0003] Actually, however, classic musical perform- 
ance, tor example, produces sounds that have frequen- 
cies, the highest of which is 40 KHz as is illustrated in 
FIG. 1A. Pops musical performance also produces 
sounds, some of which have such high frequencies ss 
exceed 20 KHz. It is pointed out that the digital audio 
data generated by cutting any sound having a frequency 
equal to or higher than 20 KHz is dissatisfactory in 
terms of the quality of the sound reproduced from it. 
[0004] Recently, two new standards have been pro- 
posed, called "next-generation CD standards." On new 
standard is to record audio data on a digital versatile 
disk or a digital video disk (DVD) at sampling frequency 
of 96 KHz and quantization bit number of 24. The othet 
new standard is to record audio data on a super audio 
CD (SACD) at sampling frequency of 2.822 MHz and 
quantization bit number of 1. so that high-quality sound 
may reproduced from the super audio CD. 
[0005] Audio data is reproduced from the next-gen- 
eration CDs by means of a laser, optical system, signal- 
processing system and the like of totally new type. Most 
conventional apparatus lor reproducing audio data trom 
the conventional CDs cannot reproduce audio data from 
the next-generation CDs. The hybrid disk that accords 



with the SACD standard is composed ol two layers. One 
layer serves as a CD pan. whereas the other layer 
serves as a high-density recording part. The conven- 
tional CD player can reproduced the audio data 

? recorded on the CD pan, but cannot reproduce the 
audio data recorded on the high-density recording pan. 
To enjoy listening to the high-quality sound recorded on 
the high-density recording part, the user needs spend 
money to buy an SACD player that accords with the 

to above-mentioned SACD standard. 

BRIEF SUMMARY OF THE INVENTION 

[0006] The present invention has been made in 
io consideration of the foregoing. The object of the inven- 
tion is to provide a data-recording medium from which 
tne conventional CD player can reproduce sound of the 
same quality as Irom the conventional CD and from 
which the new player can reproduce sound of higher 
20 quality. 

[0007] Another object of this invention is to provide 
an apparatus and method which are basically the same 
as the conventional recording apparatus and method 
and have only a new comoonent and only a new step, 

25 respectively, and which can record data on ihe above- 
mentioned data-recording medium. 
[0008] Still another object of the invention is to pro- 
vide an apparatus and method which are basically the 
same as the conventional reproducing apparatus and 

30 method and which can yet reproduce date from the 
above-mentioned data-recording medium. 
[0009] A recording medium according to this inven- 
tion has n recording regions (n is an integer defined as: 
n > 2) in which n trains of sampled data items are 

35 recorded, respectively, such that the sampled data 
items ot any train may not overlap the sampled date 
items oJ other trains. The sampled data items have been 
generated by sampling and quantizing an input analog 
audio signal at a sampling frequency of n x fs (KHz), 

to and any sampled data item of each train being an n-th 
item generated from the input analog audio signal. 
[0010] Another recording medium according to this 
invention has n recording regions (n is an integer 
defined as: n > 2) in which n trains of sampled date 

« hems are recorded, respectively, such that the sampled 
frame data items of any train may not overlap the sam- 
pled frame data items o1 other trains. The sampled 
frame data items have oeen generated by sampling and 
quantizing an input analog video signal at a sampling 

so frequency of n x fs (KHz) (where fs is frame frequency) 
and any sampled frame data item of each train being an 
n-th frame generated from the input analog video signal. 
[0011] A reproducing apDaratus according to the 
present invention is designed to reproduce an audio sig- 

55 nal Irom a recording medium having n recording regions 
(n is an integer defineo as: n > 2) in which n trains of 
sampled data items are recorded, respectively, such 
that the sampled data hems of any train may not overlap 
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the sampled data items ol other trains. The sampled 
data items have been generated by sampling and quan- 
tizing an input analog audio signal at a sampling fre- 
quency ot n x ts (KHz), and any sampled data item ot 
each train being an n-th item generated Irom the inpui 
analog audio signal. The apparatus comprises: seieci- 
ing means tor selecting a high-quality sound reproduc- 
ing mode and a low-quality sound reproducing mode; 
reproducing means tor reproducing the analog audic- 
signal trom the n recording regions of the recording 
medium; and control means for controlling the repro- 
ducing means so that the reproducing means repro- 
duces the analog audio signal Irom the trains of 
sampled data items recorded in m desired recording 
regions (m is an integer defined as: 2 < m < n) of the 
recording medium when a user selected the high-quality 
sound reproducing mode, and reproduces tne analog 
audio signal from the trains of sampled data items; 
recorded in k desired recording regions (k is an integer 
defined as: l < k < m) of the recording medium when the 
user selected the low-qualitysound reproducing mode. 
[0012] . A reproducing apparatus -lor.-reproducing £ 
video signal from a recording medium having n record- 
ing regions (n is an integer defined as: n > 2) in which n 
trains of sampled data items are recorded, respectively, 
such that the sampled frame data items of any train may 
not overlap the sampled frame data items of other 
trains. The sampled frame data items have been gener- 
ated by sampling and quantizing an input analog video 
signal at a sampling frequency of n x fs (KHz) (where fs 
is frame frequency) and any sampled Irame data item of 
each train being an n-th frame generated from the input 
analog video signal. The reproducing apparatus com- 
prises: selecting means for selecting a high-quality 
image reproducing mode and a low-quality image repro- 
ducing mode; reproducing means tor reproducing the 
analog video signal trom the n recording regions of the 
recording medium; and control means tor controlling the 
reproducing means so that the reproducing means 
reproduces the analog video signal from the trains ot 
sampled frame data items recorded in m desired 
recording regions (m is an integer defined as: 2 < m < n) 
of the recording medium when e user selected the high- 
quality image reproducing mode, and reproduces the 
analog video signal Irom the trains of sampled tame 
data items recorded in k desired recording regions (k is 
an integer defined as: 1 < k < m) of the recording 
medium when the user selected the tow-quality image 
reproducing mode. 

[001 3] A recording apparatus for recording an audio 
signal on a recording medium having n recording 
regions (n is an integer defined as: n > 2). The recording 
apparatus comprising: sampling means tor sampling 
and quantizing an input analog audio signal at a sam- 
pling frequency ol n x fs (KHz), generating trains of 
sampled tiaia items; data-dividing means for dividing 
the trains of sampled data items generated by the sam- 
pling means, thereoy forming n trains of sampled data 



items, any sampled data item of each train being an n- 
th item generated from the input analog audio signal: 
signal-processing means for processing each of the n 
trains ot sampled data items tormed by the data-dividing 
means; and recording means tor recording the n trains 
of sampled data items processed by the signal-process- 
ing means, in the n recording regions (n is an integer 
defined as: n > 2), respectively. 

[0014] A recording apparatus tor recording a video 

io signal on a recording medium having n recording 
regions (n is an integer defined as: n > 2). The recording 
apparatus comprises: frame-forming means lor sam- 
pling and quantizing an input analog video signal at a 
sampling frequency of n x fs (KHz), generating trains ol 

15 sampled frame date items; data-dividing means for 
dividing the trains of sampled frame data items gener- 
ated by the trame-forming means, thereby forming n 
trains of sampled frame data items, any sampled frame 
data item of each train being an n-th item generated 

20 from the input analog audio signal; signal-processing 
means tor processing each of the n trains of sampled 
frame- data items formed by the data-dividing means; 
and recording means lor recording the n trains of sam- 
pled frame data items processed by the signal-process- 

25 ing means, in the n recording regions (n £ 2), 
respectively. 

[0015] When a conventional CD player reproduces 
the audio data recorded on the data- recording medium 
according to the invention, high-quality sound can be 

30 generated trom the audio data. 

[0016] The present invention can provide an appa- 
ratus and method which are basically the same as the 
conventional recording apparatus and method and have 
only a new component and only a new step, respec- 

35 tively, and which can record data on the above-men- 
tioned data-recording medium. 

[0017] Further, the invention provide an apparatus 
and method which are basically the same as the con- 
ventional reproducing apparatus and melhod and have 

40 only a new component and only a new step, respec- 
tively, and which can reproduce data from the above- 
mentioned data-recording medium. 
[0018] Moreover, this invention provide an appare- 
tus and method which are basically the same as the 

as conventional recording/reproducing apparatus and 
method and have only a new component and only a new 
step, respectively, and which can record data on, and 
reproduce data trom, the above-mentioned data-record- 
ing medium. 

50 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF 
THE DRAWING 

|0019] 

55 

FIG. 1 A is a diagram showing the band characteris- 
tic of an audio signal whose frequency is nearly 
40KHz at most; 
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FIG. 1 E is a diagram representing the band charac- 
teristic of an audio signal whose irequency is nearly 
20 KHz at mosi; 

FIG. 2 is a sectional view of a two- layered, disk- b 
shaped recording medium; 

FIG. 3 is a diagram explaining how laser oeam are 
applied trom two pickups to the layers of the two 
layered recording medium shown in FIG. 2: to 

FIG. 4 is a block diagram showing a recording 
apparatus and a reproducing apparatus, both 
according to the oresent invention; 

ID 

FIG. 5 is b diagram depicting the even-numbered 
digital data items and the odd-numbered digital 
data items, which have been generated by sam- 
pling an audio signal with a sampling frequency of 2 
xfs(KHz); 20 

FIG. 6 is a diagram explaining how a laser beam is . 
applied from one pickups to the layers of the two- 
layered recording medium shown in FIG. 2: 

25 

FIG. 7 is a block diagram of a reproducing appara- 
tus according to the present invention; 

FIG. 6A is a timing chart showing a timing of switch- 
ing the process of reproducing data from the Two- 30 
layered recording medium of FIG. 7, from one layer 
tot the other layer and vice versa; 

FIG. 8E is a timing chart illustrating another timing 
of switching the process of reproducing data from 35 
the two-layered recording medium of FIG. 7, from 
one layer tot the other layer and vice verse; 

FIG. 8C is a timing chart showing the timing of 
switching the process of reproducing data from a *o 
five-layered recording medium, from one layer to 
another and vice versa; 

FIG. 9A is a frequency characteristic diagram fot 
explaining aliasing; *s 

FIG. 95 is another frequency characteristic diagram 
for explaining aliazing; 

FIG. 10 is a block diagram of a recording apparatus so 
according to tne present invention; 

FIG. 11 is a diagram explaining how a missing pan 
of the digital data recorded on one layer of a two- 
layered recording medium is interpolated with the 55 
digital data recorded on the other layer of the 
recording medium: and 



FIG. "i2 shows a recording medium according to the 
present invention. 

DETAILED DESCRIPTION OF THE INVENTION' 

[0020] The date-recording medium, a recording 
apparatus, a recording method, a reproducing appara- 
tus and a recording metnod, all being embodiments of 
the invention, will be described, with reference to the 
accompanying drawings. 

(0021) An opiical disk 1 having two recording layers 
(hereinafter referred to as "two-layered optical disk*"), 
which is an embodiment of the data-recording medium, 
will be described. FIG. 2 is a sectional view o the two- 
layered opiical disk 1. As shown in FIG. 2, the two-lay- 
ered optical disk 1 has the first recording layer 3 and the 
second recording layer 6. on which digital audio signals 
are recorded. The audio signals have been generated 
by sampling. an audio signal frorrrE sound source at a 
sampling frequency of 88.2 KHz. Each of the audio sig- 
nals consisis of 16 quantized bits. More precisely, the 
even-numbered digital audio signals are recorded on 
the first recording layer 3, while the odd-numbered dig- 
ital audio signals are recorded on the second recording 
layer 6. 

[0022] As shown in FIG. 2, the two-layered optical 
disk l comprises a disk substrate 2, a semitransparent 
reflection film 4, an intermediate layer 5, a reflection film 
7, and a protection layer £. Tne substrate 2 is made of 
transparent synthetic resin such as polycarbonate. The 
first recording layer 3 is provided on the major surface of 
the disk substrate 2. The semitransparent reflection film 
4 is formed on the first recording layer 3 and a thin die- 
lectric film made of, for example, silicon nitride (SiN 2 ). 
The intermediate layer 5 is provided on the reflection 
film 4 and has the second recording layer 6 on the sur- 
tace facing away from the reflection film 4. A train of pits 
is made in the surface of the second recording layer 6. 
The reflection film 7 is formed on the second recording 
layer 6 and made of, for example, aluminum (Al). The 
protection layer 8 is provided on the reflection film 7. 
[0023] The audio data items recorded on the first 
recording layer 3 is the even-numbered ones of the datE 
items obtained by sampling the source sound at the 
sampling frequency of 88.2 KHz. The audio data items 
recorded on the second recording layer 6 are the odd- 
numbered ones of said data items. In other words, the 
second, fourth, sixth sampled data rtems and so on are 
recorded on the first recording layer 3, and the first, 
third, fifth sampled data items and so on are recorded 
on the second recording layer 6. Hence, the audio data 
recorded on the first recording layer 3 has a sampling 
Irequency of 44.1 KHz. and the audio data recorded on 
the second recording layer 6 has a sampling frequency 
of 44.1 KHz, too. 

[0024] The audio data recorded on either recording 
iayer can be reproduced by the apparatus for reproduc- 
ing data from the conventional compact disks. The 
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audio data recorded on each recording layer can be 
reproduced, providing audio signals that represent 
music. The audio signals reproduced from each record- 
ing layer can be processed by the same method as in 
the conventional CD players. Even if a CD player fails to 5 
read audio signals from both recording layers 3 and 6, 
the audio signals read from only one recording layer wilt 
represent full and complete music. 
[0025] As indicated, above, of the digital audio sig- 
nals generated by sampling the source sound at the io 
sampling frequency of 2 x ts (KHz), the even-numbered 
ones, lorming a data train, are recorded on one of the 
two recording layers, while the odd-numbered ones, 
forming another data train, are recorded on the other of 
the two recording layers. It follows that the digital audio 75 
signals recorded on each of the recording layers are of 
a sampling frequency of fs (MHz) are recorded on each 
of the recording layers. Hence, a reproducing apparatus 
designed to reproduce digital audio signals generated 
by sampling source sound at a sampling frequency of fs 20 
(MHz) can reproduce the digital audio signals recorded 
on either recording layer, because thevsignais recorded, 
have a sampling frequency of fs (MHz). _ 
[0026] A recording apparatus for recording audio 
data on the two-layered optical disk 1 and a reproducing 25 
apparatus for reproducing the audio data from the two- 
layered optical disk 1 will be described, with reference to 
FIGS. 3 and 4. FIG. 3 is a diagram explaining how laser 
beam are applied from two pickups to the layers of the 
two-layered optical disk 1 shown in FIG. 1. FIG. 4 is a 30 
block diagram of the recording apparatus 12 and the 
reproducing apparatus 20. 

[0027] The recording apparatus "12, which is 
designed to record audio data on the two-iayered disk 1 , 
will be described first. In the recording apparatus 1 2, the 35 
objective lenses 9 and 10 of two pickups focus data- 
recording laser beams. The laser beams thus focused 
are applied to the first recording layer 3 and second 
recording layer 6 of the disk 1 , respectively, thereby 
recording audio data on the recording layers 3 and 6. 40 
[0028] More specifically, an analog audio signal \s 
supplied from a sound source to an A/D converter 14 
through an input terminal 13, both provided in the 
recording apparatus 12. The A/D converter 14 perlorms 
sampling on the analog audio signal at a sampling Ire- <s 
quency of 68.2 KHz, or 2 x 44.1 KHz, generating digital 
audio data items tor a two-channel stereophonic player, 
each consisting of 16 bits. The digital audio data itemF 
are input to a data divider 15. The data divider 15 
divides the digital audio data items into odd-numbered so 
ones and even-numbered ones, as is illustrated in FIG. 
5. Therefore, the odd-numbered audio data items are 
equivalent to tnose sampled at frequency of 44.1 KHz, 
and so are the even-numbered audio data items. 
[0029] The odd-numbered audio data items (ODD) 55 
are supplied to an error-correcting/encoding circuit 16 0 
and thence to a modulating circuit l? 0 . 
[0030] The error-correcting/encoding circuit 16q 
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performs encoding on the odd-numbered audio data 
items. The encoding is, for example, a combination ot 
cross interleaving and fourth-order Read-Solomon cod- 
ing, by using the algorithm ot cross interleave Read- 
Solomon coding (CIRC). 

[0031] The modulating circuit 17 c , effects modul£- 
tion on the coded output of the error-correcting/encod- 
ing circuit 16 0 , in accordance with the EFM (eight-to- 
fourteen modulation) algorithm. 

[0032] The modulated output of the modulating cir- 
cuit 1 7 0 is supplied to a binarization circuit 1 B G . The cir- 
cuit 16 0 converts the modulated output to binary data 
that will be recorded on the first recording layer 3 of the 
two-layered optical disk 1 . 

[0033] The binary data is supplied to the first pickup 
that has the objective lens 9 shown in FIG. 3. The binary 
data is recorded on the two-iayered optical disk 1 as the 
pickup applies a data-recording laser beam to the disk 1 
being rotated, thereby forming the first recording layer 3. 
[0034] Meanwhile, the even-numbered audio data 
items (EVEN) are supplied to an error-correcting/encod- 
ing circuit 16 E , thence to a modulating circuit 17 E . that 
perlorms EFM, and then to a binarization circuit 1B E . 
[0035] The binarization circuit 18 E generates binary 
data. The binary data is supplied to the second pickup 
that has the objective lens 10 shown in FIG. 3. The 
binary data is recorded on the two-layered optical disk 1 
as the pickup applies a data-recording laser beam to the 
disk 1 being rotated, thereby forming the second record- 
ing layer 6. 

[0036] The reproducing apparatus 20 : which is 
designed to reproduce audio data from the two-layered 
optical disk 1, will now be described. As shown in FIG. 
3, the reproducing apparatus 20 has two pickups, too. In 
the apparatus 20, the objective lenses 9 and 10 of the 
pickups focus data-reproducing laser beams. The laser 
beams thus focused are applied to the first recording 
layer 3 and second recording layer 6 of the disk l , 
respectively, thereby reproducing audio data from the 
recording layers 3 and 6. 

[0037] More specifically, the first pickup reads an 
audio signal from the first recording layer 3 of the two- 
layered optical disk 1 being rotated. The audio signal is 
supplied to on RF circuit 21 u , thence to a demodulating 
circuit 22 0 , and further to an error-correcting circuit 23 D . 
[0038] The RF circuit 21 0 performs RF process on 
the signal read by the first pickup, generating an RF sig- 
nal. The RF signal is supplied to the demodulating cir- 
cuit 22 Q . The demodulating circuit 22 G demodulates the 
RF signal, which is supplied to the error-correcting cir- 
cuit 23 G . The error-correcting circuit 23 G decodes the 
demodulated RF signal, by means of CIRC, generating 
odd-numbered audio data items. The odd-numbered 
audio data items (ODD) are supplied to a multiplexer 24. 
[0039] In the meantime, the second pickup reads, 
an audio signal from the second recording layer 6. The 
audio signal is supplied to an RF circuit 21 E , thence to a 
demodulating circuit 22^, and further to an error-cor- 
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reeling circuit 23 f . The even -numbered audio bait 
hems (EVEN) generated by the error-correcting circuii 
23f are supplied to s multiplexer 2^. 
[0040] The multiplexer 24 multiplexes the odo- 
number audio data hems and the even-numbered audio 
data items, thus generating audio data. The audio date 
has a sampling trequency of 86.2 KHz. This is because 
the odd-number audio data items and the even-num- 
bered audio data items nave been obtained by dividing 
the digital audio data having a sampling trequency of 
66.2 KHz and theretore have a sampling trequency ol 
44.1 KHz. The output ol the multiplexer 24 is supplied to 
an error-interpolating circuit 2b. 

[0041] The error-interpolating circuit 25 detects and 
interpolates the errors tnat the error-correcting circuits 
23(j and 23 t have failed to correct, es will be describee 
later in detail. The output of the error-imerpolating cir- 
cuit 25 is supplied to a low pass filter (LPF) 26. 
(0042] The LPF 26 effects filtering on the output of 
the error interpolating circuit 25, using a cut-off fre- 
quency of about 40 KHz. The output of the LPF 26 is 
supplied to a D/A convener. 27. The D/A converter 27 
converts the digital audio data, obtained thus far. to an 
analog audio signal. The analog audio signal is output 
from the reproducing apparatus 20 through an output 
terminal 2£. 

[0043] Therefore, the reproducing apparatus shown 
in FIG. 4 can reproduce a digital audio signal which has 
a sampling frequency of 88.2 KHz and which therefore 
represents sound of high quality. Moreover, the multi- 
plexer 24 may not multiplex the odd-numbered audio 
data items and the even-numbered audio data items. 
Even in this case, the sound generated from the odd- 
numbered audio data items can have adequately natu- 
ral aural properties, and the sound generated from the 
even-numbered audio data items can have sufficiently 
natural aural properties. 

[0044] Another embodiment of the reproducing 
apparatus described above will be described, with refer- 
ence to FIGS. 6 and 7. As shown in FIG. 6, this repro- 
ducing apparatus 30 has one pickup and is designed to 
reproduce an audio signal from the two-layered optica! 
disk 1. 

[0045] The reproducing apparatus 30 comprises t 
pickup 31 , a signal-reading section 32, two buffer mem- 
ories 33 and 34, a multiplex (MUX) section 35, a buffer 
management section 36, and a servo circuit 3B. The 
pickup 31 and the signal-reading section 32 constitute 
data-reading means for reading digital audio data from 
the two-layered optical disk 1. The buffer memory 33 is 
provided to store the digital audio data the data-reading 
means has read from the first recording layer 3 of the 
disk 1. The buffer memory 34 is provided to store the 
digital audio data the data-readino means has read from 
tne second recording iayer 6 of the disk 1. The buffer 
management section 36 controls the writing of data intc : 
and the reading of data irom, the buffer memories 3^ 
and 34. The MUX section 35 multiplexes the outputs ol 



the buffer memories 33 and 34. The servo circuit 36 is 
designed to move the pickup 31 to a target track on the 
two-layered optical disk 1. The reproducing apparatus 
30 further comprises a layer-switching section 39 and a 

5 spindle motor 40. The layer-switching section 39 is pro- 
vided to switch the data-reproducing laser the pickup 3i 
emits, from the beam to be applied to the first recording 
layer 3 to the one to be applied to the second recording 
layer 6, or other way around. The spindle motor 40 

70 rotates the two-layered optical disk 1 under the control 
of the servo circuit 36. 

[0046] The reproducing apparatus 30 further com- 
prises a central processing unit (CFU) 37. The CPU 37 
determines whether audio signals snould be repro- 
75 duced from the first recording iayer 3 or the second 
recording layer 6, for irom both, whether the signals 
read from the two recording layers should be mixed or 
not, and whether data should be reproduced from an 
optical disk such as the conventional CD, in accordance 
20 with the user instructions or the type of the disk used. 
Based on what it has determined, the CPU 37 controls 
the servo circuit 36, layer-switching section 39, signal- 
reading section 32 and buffer management section 36. 
[0047] In the reproducing apparatus 30, the pickup 
25 31 reads a signal from the two-layered optical disk 1 and 
supplies the signal to the signal-reading section 32. The 
control signals supplied from the servo circuit 38 and 
layer- switching section 39 control the pickup 31, caus- 
ing the pickup 31 to make an access to either the first 
30 recording layer 3 or the second recording layer 6. 

[0048] The signal-reading section 32 performs RF 
process, demodulation, error correction and the like on 
the signals supplied from tne pickup 31, i.e., the signals 
read from the first recording iayer 3 and second record- 
35 ing layer 6. The signals read form the first recording 
layer 3 and processed by the signal-reading section 32 
are supplied to the buffer memory 33. The signals read 
form the second recording layer 6 and processed by the 
signal-reading section 32 are supplied to the buffer 
to memory 34. 

[0049] The buffer memory 33 stores the odd-num- 
bered data items read from the first recording layer 3 
and the odd-numbered date items to be written into the 
first recording layer 3. On the other nand, the buffer 
<s memory 34 stores the even-numbered data items read 
from the second recording layer 6 and the odd-num- 
bered data items to be written into the second recording 
layer 6. The buffer management section 36 controls 
both buffer memories 33 and 34. The writing of data into 
50 the buffer memories 33 and 34 and the reading of data 
therefrom are thereby managed. 

[0050] How the reproducing apparatus 30 operates 
will be described below in detail. The user may give the 
instruction that audio signals be reproduced from the 
55 first recording layer 3 only. From this instruction the CPU 
37 determines that the audio signals recorded on the 
first recording layer 3 should be reproduced. The CPU 
37 controls the servo circuit 36 and the layer- switching 
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section 39, whereby the pickup 31 applies a data-repro- 
ducing laser beam to the two-iayered optical disk l 
being rotating, driven by the spindle motor 40. The light 
reflected trom the tirst recording layer 3 is applied to the 
signal-reading section 32. The signal-reading section 
32 perlorms the prescribed process, decoding the odd- 
numbered audio data items. The odd-numbered audio 
deta items are stored into the butler memory 33 undei 
the control of the butler management section 36. .Even- 
tually, the odd-numbered audio data items are read trom 
the butler memory 33 and output trom the apparatus 30 
through the multiplexer 35 and the output terminal 4i. 
The odo-numbered audio data items are convened tc 
an analog audio signal, as they are processed by an 
error-interpolating circuit, a LPF and a D/A convene!, 
which are of the same types as the circuit 25 , LPF 26 
and D/A converter 27. all illustrated in FIG. 4. 
[0051] The user may give the instruction that audio 
signals be reproduced trom the second recording layer 
6 only. If this is the case, an analog audio signal is gen- 
erated from the even-numbered audio data items by 
performing the same processes as in the case of gener- 
ating an analog audio signal trom the odd-numbered 
audio data items. 

[0052] Suppose the user gives the instruction that 
audio signals be reproduced from both the first record- 
ing layer 3 and the second recording layer 6. Then, the 
audio signals recorded on the two recording layers S 
and 6 will be reproduced and multiplexed. The CPU 37, 
therefore, determines that the audio signals recorded 
on the two recording layers 3 and 6 should be repro- 
duced and multiplexed. The CPU 37 then controls the 
servo circuit 38 and the layer-switching section 39, 
whereby the laser beam is applied from the pickup 31, 
alternately to the first recording layer 3 and the second 
recording layer 6. The timing of switching the tirst 
recording layer 3 to the second recording layer 6, and 
vice versa, is as follows. First, an audio signal is repro- 
duced from the first recording layer 3. Next, an audio 
signal is reproduced from the second recording layer 6, 
starting at a time before an audio signal is completely 
reproduced from first recording layer 3. After the audio 
signal is completely reproduced trom the first recording 
layer 3 and before the audio signal is completely repro- 
duced from the second recording layer 3, the reproduc- 
tion of another audio signal starts on the first recording 
layer 3. More precisely, as shown in the timing chart of 
FIG. 8A, a first signal is reproduced from the recording 
first layer 3 during the period between time P ni and firm 
P 1? . A second signal is reproduced from the second 
recording layer 6 during the period between P 21 and 
time P 2 2, which precedes and follows the time P 1? . 
respectively. A third signal is reproduced form the first 
recording layer 3 during tne period between F 1? and 
time P-| 3 , which precedes and follows the time r 2 ? ; 
respectively. Further, a fourth signal is reproduced torm 
the second recording layer 6 during the period between 
P 2 2 and time F 23 . which precedes and follows the time 
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F 13 . respectively. 

[0053] The signals read from the first recording 
layer 3 and second recording layer 6 at the data-repro- 
ducing time illustrated in FIG. 8A are supplied to the sig- 
nal-reading section 32. Tne section 32 processes these 
signals at the timing described above. 
[0054] The signal-reading section 32 outputs £ 
layer identification signal to the CPU 37 before it outputs 
the signals read from the layers 3 and 6. The layer iden- 

w tification signal designates the first recording layer 3 or 
tne second recording layer 6. In accordance with the 
layer identification signal, the CPU 37 controls the butler 
management section 36, which controls the 1 timing of 
writing data into the buffer memories 33 and 34 and the 

id timing of reading data therefrom. 

[0055] The timing of writing date into the buffer 
memories 33 and 34 are the same as the data-repro- 
ducing timing shown in FIG. 8A or the data-reading tim- 
ing at the signal-reading section 32. By contrast, the 

20 data is read from the butler memories 33 and 34 every 
time the data stored in the buffer memory 33 or the 
buffer, memory -34-. increases to a predetermined 
amount. Theoretically data can read from the two-lay- 
ered optical dis'k1 w at a high speed, such as twice the 

25 normal speed, and can be written into the buffer memo- 
ries 33 and 34 at the high speed. When the data read 
from one recording layer is stored in one buffer memory 
to a predetermined amount, data may be read from the 
other recording layer and multiplexed with the data 

30 stored in the buffer memory. To read data from the first 
and second recording layers at the normal speed, the 
optical disk 1 must be rotated at twice the normal 
speed, even if the time required tor switching one layer 
to the other is not taken into consideration. In practice, it 

35 is necessary to drive the spindle motor 40 at a speed 
tour times as high as the normal speed. 
[0056] Controlled by the CPU 37, the pickup 31 
applies the data- reproducing laser beam to the tirst 
recording layer 3 or the second recording layer 6. The 
reproduction of data may be switched, from the first 
layer 3 to the second layer 6 and vice versa, at the tim- 
ing illustrated in FIG. 8B. In the switching mode shown 
in FIG. BB, data is reproduced trom the first layer 3 dur- 
ing a period between time P1 1 and time P 1if . Next, data 

*5 is reproduced trom the second layer 6 during a period 
between time P 21 and time P 22 , which precedes the 
time P 12 and coincides with the time P 12 , respectively. 
Then, data is reproduced trom the first layer 3 during a 
period between lime P ir and time P 13> which coincides 

50 with the time P 2 ? and follows the P 22 . respectively. Fur- 
tner, data is reproduced trom the second layer 6 during 
a period between time P 2? and time P 23 . which coin- 
cides the time P-i? and the time P n3 , respectively. 
[0057] Tne signals read from the first recording 

55 layer 3 and second recording layer 6 at the timing illus- 
trated in FIG. 8B are supplied to the signal-reading sec- 
tion 32. The signal-reading section 32 processes these 
signals at the timing o'escrioed above. 
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[0058) FIG. 8C shows the liming of switching the 
process ot reproducing data from a five-layered optics! 
disk, from one layer to another end vice verse. The five- 
layered optical disk, which is anotner embodiment ot the 
present invention, has tive recording layers. 
[0059] Tne reproducing ot data Irom each ot the 
second id fifth layers is started ai a time Dreceding the 
lime (time P 1?) P 2?) P 32 , or P 62 ) when the reproducing 
of data trom the immediately preceding recording layer 
ends. The reproducing of data from the second layer 
lasts until time F 22 that coincides with time P 12 when the 
reproducing of data trom the first layer ends. The repro- 
ducing of oats from the third layer lasts until time F 3 - 
thai coincides with time P 22 when the reproducing of 
data from the second layer ends. The reproducing of 
data from the fourth layer lasts untif time P A2 thai coin- 
cioes with time P 3? v/hen the reproducing of data from 
the third layer ends. The timing of reproducing the fifth 
layer is different. That is, the reproducing of data from 
the fifth layer lasts until time P b2 that follows the time 
F G? when the reproducing of data from the fourth layer 
ends. 

•0050) The reproducing apparatus 30 can repro- 
duce digital audio signals having the sampling fre- 
quency of 88.2 KHz, too, and representing sound of 
high quality. The audio data reproduced from each 
recording layer can alone provide audio signals that rep- 
resent music. In addition, one and the same signal- 
processing circuit can process the signals reproduced 
from the first recording layer 3 and also the signals 
reproduced from the second recording layer 6. The 
reproducing apparatus 30 has a mode-selecting key ; 
which is operated to select a low-quality sound mode 
and a high-quality sound mode. In the low-quality sound 
mode, the audio data is reproduced from only one of the 
recording layers 3 and 6. In the high-quality sound 
mode, audio data is reproduced trom both the first 
recording layer 3 and the second recording layers 6. 
[0061] Assume that an analog audio signal S 0 
shown in FIG. 9A is sampled at the sampling Irequency 
of 88.2 KHz or more, generating digital audio data, and 
that the digital audio data is recorded on the two-layered 
optical disk 1 by the method described above. The 
reproducing apparatus of FIG. 4 or the reproducing 
apparatus of FIG. 7 may reproduce the digital audio 
data from the two-layered optical disk 1. Aliasing may 
occur in the analog audio signal S 0 as is indicated by 
broken lines in FIG. 8B. To prevent this, it is necessary 
to pass tne analog audio signal S 0 through an LPF that 
has a cut-off frequency of. tor example, 30 KHz. As is 
known in the art, aliasing is a disturbance to the funda- 
mental wave. Nonetheless, the aliasing can be pre- 
vented if the analog audio signal S 0 is sampled at an 
appropriate frequency fs, as is illustrated in FIG. 9A. Ir, 
the present invention, the audio signal £ 0 is passed 
through an LPF before it is sampled to provide digital 
audio data. 

[0062] FIG. 10 shows a recording apparatus 4£ 



according to the present invention, in which analog 
audio signals are passed through LPFs before tney are 
subjected to sampling. The recording apoaratus 45 is 
designed to periorm three functions. First, the appara- 

5 tus 45 samples two audio input signals lor a two-chan- 
nel Stereophonic player, ai a sampling Irequency of 88. 2 
KHz, thereby generating digital audio data hems Lcn 
and digital audio data hems Rch, each consisting of 16 
bits. Secondly, the apparatus 45 divides the data items 

70 Lch into odd-numbered ones and even-numbered ones 
and, similarly, the data items Rch into odd-numbered 
ones and even- numbered ones. Thirdly, the apparatus 
45 records the odd-numbered data items Lcn and Rch 
which have e sampling frequency of 44.1 MHz on one 

7 r. layer of the two-layered optical disk 1, and the even- 
numbered data items Lch and Rch which have the sam- 
pling frequency of 44.1 MHz on one the other layer of 
the two-layered optical disk i , 

[0063] The audio signal Lch input id ah input lermt- 
20 nal 46 L is amplified by a line amplifier 47 L . The signal 
Lch amplified is supplied to an adder 4B L . The adder 
49 L sdds small random jioise. i.e., dither to the audio 
signal Lch. The dither has been supplied to the adder 
49 L from a dither generating circuit 48. The audio signal 
25 Lch, now containing the dither, is supplied to an LPF 
50 L . The filter out those components of the signal Lch 
which have frequencies equal to or less than 30 KHz. 
The audio signal Lch is then supplied to a sampling cir- 
cuit 5"i l • 

30 [0064] The sampling circuit 51 L samples the output 
of the LPF 50 L at the frequency of 88.2 KHz. Aliasing 
may occur as indicated in FIG. 9B by the broken lines 
because the audio signal S 0 from the sound source has 
components having frequencies equal to 40 KHz or 

35 more as mentioned above. Nonetheless, aliasing does 
not occur during the sampling since the LPF 50 L that 
has the cut-off frequency of 30 KHz has filtered out 
those components. The data output from the sampling 
circuit 51 l is supplied to an A/D converter 52 L . The A/D 

40 converter 52 L converts the input data to 1 6-bit digital 
data. A data divider divides the digital data into odd- 
numbered data items and even-numbered data items as 
has been explained with reference to FIG. 4. Audio data 
having a sampling frequency of 44.1 KHz is thereby 

<5 generated. 

[0065] In the meantime, the audio signal Rch input 
to an input terminal 46 R is amplified by a line amplifier 
47 R . The signal Rch amplified is supplied to an adder 
49p. The adder 49 n ados small random noise, i.e., 

50 ditner. to the audio signal Lch. The dither has been sup- 
plied to the adder 49 R from a dither generating circuit 
46. The audio signal Rch, now containing the dither, is 
supplied to an LPF 50 R . The filler out those components 
o1 the signal Rch which have frequencies equal to or 

55 less man 30 KHz. The audio signal Rch is then supplied 
to a sampling circuit 51 R . 

[0066] The sampling circuit 51 R samples the output 
of tne LPF 50 R at the frequency of 86.2 KHz. Aliasing 
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may occur during this sampling. Nonetheless, aliasing 
does not occur since the LPF 50 R that has the cut-oft 
frequency of 30 KHz has filtered out those components. 
The data output trom the sampling circuit 51 L is sup- 
plied to an A/D convener 52 R . Tne A/D converter 52 R 
converts the input data to 1 6-bit digital data. A date 
divider divides the digital data into odd-numbered data 
"nems and even-numbered date hems as has been 
explained with reference to FIG. 4. Audio data having a 
sampling frequency of 44.1 KHz is thereby generated. 
[0065] same as [0061] 
[0066] same as[006l] 

(0067) The odd-numbered data items output trom 
the A/D converter 52 L and the odd-numbered data 
items output from the A/D convener 52 R ere stored, as 
44.1 KHz data, into a buffer memory 53 0 . The odd-num- 
bered audio data items read trom the buffer memory 
53q are supplied to an error-correcting/encoding circuit, 
or a CIRC encoder 54 Q . The CIRC encoder 54 G per- 
forms, on the odd-numbered data items, cross interleav- 
ing and fourth-order Read-Solomon coding, by using 

the algorithm. of. CIRC. . . . ~ - 

[0068] modulating circuit 55 D modulates the 

encoded data output from the CIRC encoder 54 Q - The 
data modulated is supplied to a recording circuit 56 0 - 
The recording circuit processes the data. One of the two 
pickups shown in FIG. 3 records the data, thus proc- 
essed, on the first recording layer 3 of the two-layered 
optical disk 1 . 

[0069] Meanwhile, the even-numbered data items 
output from the A/D converter 52 L and the even-num- 
bered data items output from the A/D converter 52 R are 
stored, as 44.1 KHz data, into a buffer memory 53 E . The 
odd-numbered audio data items read from the buffer 
memory 53 E are supplied to an error-correcttng/encod- 
ing circuit, or a CIRC encoder 54 E . The CIRC encoder 
54 E performs, on the odd-numbered data items, cross 
interleaving and lourth-order Read-Solomon coding, by 
using the algorithm o1 CIRC. 

[0070] A- modulating circuit 55 E modulates the 
encoded data output from the CIRC encoder 54 E . The 
data modulated is supplied to a recording circuit 56 E . 
The recording circuit processes the data. The other of 
the two pickups shown in FIG. 3 records the data, thus 
processed, on the first recording layer 6 of the two-lay- 
ered optical disk 1 . 

[0071] . The cut-off frequency of the LPF 50 L and 
LPF 50 R may range from 50% to 100% of the sampling 
frequency. 

[0072] The LPF 50 L and LPF 50 n may be replaced 
by filters that reduce energy levels exceeding a prede- 
termined frequency. 

[0073] As described above, the error-interpolatinc 
circuit 25 of the reproducing apparatus 20 shown in F IG. 
4 delects errors that the error-correcting circuits 23 0 
and 23 E have failed to correct. Tne circuit 25 interpo- 
lates these errors by using the data read from the other 
recording layer, as will oe described in detail with relet- 



ence to FIG. 1 1 . 

[0074] Assume that, as shown in FIG. 11, the 
recording apparatus 45 has recorded the odd-num- 
bered oats items L-,, R 1( L 3 , R 3 , L &> fi 5 of two-channel 

b stereophonic audio data on the first recording layer 3 of 
tne two-layered optical disk 1, and the even-numbered 
data items L ? , R?, L 4 , R 4 , L 6 , R 6 of the stereophonic 
audio data on the second recording layer 6 of the two- 
layered optical disk 1 . If the odd-numbered data item L 2 

jo nas been lost for some reason and if this error cannot 
not be corrected, the error-interpolating circuit 25 gen- 
erates a data item from, for example, the even-num- 
bered data items L? and L 4 recorded on the second 
recording layer 6, thereby interpolating the odd-num- 

to bered date item L 3 . 

[0075] The recording medium thus tar described is 
a two-layered optical disk 1. Nevertheless, an optical 
disk 60 shown in FIG. 12, which has two recording 
regions on one surface, may be used in the present 

20 invention. 

[0076] The optical disk 60 has two recording 
regions 62 and 65. In the first recording region 62 there 
are recorded digital audio* data items. In the second 
recording region 65 there are recorded digital audio 

25 data items. Each of the audio data items recorded in the 
first recording region 62 is every other data item gener- 
ated by sampling an audio signal from a sound source 
at a sampling frequency of 88.2 KHz. The audio data 
items recorded on the second recording region 65 are 

30 the remaining ones so generated trom the audio signal. 
Any digital audio data item recorded on the disk 60 con- 
sists of 1 6 bits. 

[0077] The optical disk 60 further has two manage- 
ment regions 61 and 64. The first management region 

35 61 is located on inner side of the first recording region 
62 and is used to manage the digital audio data items 
recorded in the first recording region 62. The second 
management region 64 is located on inner side of the 
second recording region 65 and is used to manage the 

<o digital audio data items recorded in the second record- 
ing region 65. 

[0076] The optical disk 60 has a center hole 67 
made in its central part. The disk 60 further has two 
read-out regions 63 and 66. The first read-out region 63 

45 is provided on the outer side of the first recording region 
62. The second read-out region 66 is provided on the 
outer side of the second recording region 66. The first 
management region 61, first recording region 62 and 
first read-out region 63 constitute a first cession 68. The 

so second management region 64, second recording 
region 65 and second read-out region 66 constitute a 
second cession 69. 

[0079] The audio data recorded in the first record- 
ing region 62 consists of digital audio data items, each 
55 being every other data item generated by sampling the 
audio signal at the sampling frequency of 88.2 KHz. and 
the audio data items recorded on the second recording 
region 65 are the remaining ones so generated from the 



9 



;DOCID:<EP 1059636A2- 1 > 



17 



EP 1 059 636 A2 



IS 



audio signEl. Therefore, the audio dais recorded in 
eitner recording region has a sampling frequency of 
44.1 KHz. 

[0080] The audio date recorded in either recording 
region can be reproduced by tne conventional CD piay- 5 
ers. The audio signal reproduced Irom either recording 
region can alone provide audio signals that represent 
music. Moreover, the same signal-processing circuit 
can process the signals reproduced Irom the tirsi 
recording region 62 and also The signals reproduced ic 
trom the secona recording region 65. Even il a CD 
player tails to read audio signals trom both recording 
regions G2 end 65, the audio signals read Irom only one 
recording region will represent full and complete music. 
[0081] According to the present invention, lull-time 75 
playback of 80 minutes (or 74 minutes) can be 
achieved, particularly with the two-iayered optical disk : 
by means of the conventional CD player. 
[0082] Only half the audio data recorded oh tht 
two-iayered optical disk, i.e., the audio data recorded on 20 
one recording layer, can be copied on CR-Rs or CD- 
RWs. This helps to protect the. copyright to the audio 
data recorded on the two-layered optical disk. Copy- 
right-protecting signals, such as water marks, can be 
written at a frequency of about 30 KHz. 25 
[0083] As has been explained, the two-layered opti- 
cal disk l and the optical disk 60 are disks on which 
audio data is recorded. Instead, video data may be 
recorded on the disks 1 and 60, in which case the 
recording apparatus will comprise frame-forming 3C 
means, frame-dividing means, signal-processing 
means, and recording means. The frame-forming 
means processes the video data, generating trame data 
items, each having a frequency n times as high as a 
prescribed frame frequency. The frame-dividing means 35 
divides the trame data items supplied irom the frame- 
forming means, into n trains of digital data items. Any 
item of each train is an n-th frame data item. The signal- 
processing means performs signal process on the n 
trains of digital data items output from the frame-divid- ao 
ing means, so that the trains of digital data items may be 
recorded on the optical disk. The recording means 
records the n trains of digital data items on the n record- 
ing regions of a data-recording medium, respectively, so 
that the digital data items of any trains may not overlap 45 
tne digital data items of other trains. 
[0084] In this case, the reproducing apparatus will 
comprise reading means and control means. The read- 
ing means reads the video signals from the n recording 
regions of the data-recording medium. The control 50 
means controls the other components of the recording 
apoaratus so that the signals may be reproduced from 
each of the n recording regions of the medium or the 
signals recorded in at least two recording regions may 
be mixed and reproduced. If this is the case, the repro- 55 
ducing apparatus has a data-reproducing mode key. 
which is operated to select the high-quality image repro- 
ducing mode and the low-quality image reproducing 



mode. 



Claims 



1. A recording medium having n recording regions (n 
is an integer defined as: n > 2) in which n trains of 
sampled data items are recorded, respectively, 
such that the sampled data items ot any train may 
not overlap the sampled data items ot other trains, 
said sampled data items having been generated by 
sampling and quantizing an input analog audio sig- 
nal at a sampling frequency of n x fs {KH2), and any 
sampled data item of each train being an n-th item 
generated trom the input analog audio signal. 

2. The recording medium according to claim 1, 
wherein fs = 44.1 (KH2). 

3. The recording medium according to claim 1, 
wherein n = 2. 

_4. -The recording medium according to claim 1 ," 
wherein the input analog audio signal has been 
"subjected a filtering process of cutting off those 
components of the signal which have predeter- 
mined frequencies to suppress generation of alias- 
ing. 

5. The recording medium according to claim "l, 
wherein tne input analog audio signal has a low 
energy level at a frequency equal to or higher than 
a prescribed frequency. 

6. A recording medium having n recording regions (n 
is an integer defined as: n > 2) in which n trains of 
sampled data items are recorded, respectively, 
such that the sampled frame data items of any train 
may not overlap the sampled frame data items of 
other trains, said sampled frame data items having 
been generated by sampling and quantizing an 
input analog video signal at a sampling frequency 
of n x fs (KHz) (where fs is frame frequency) and 
any sampled frame data item of each train being en 
n-th frame generated from the input analog video 
signal. 

7. The recording medium according to claim 6, 
wherein n = 2. 

8. The recording medium according to claim 6. 
wherein tne input analog audio signal has been 
subjected a filtering process of cutting off those 
components of the signal which have predeter- 
mined frequencies to suppress generation of alias- 
ing. 

9. Tne recording medium according to claim 6. 
wherein tne input analog audio signal has a low 
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energy level at £ frequency equal to or higher than 
6 prescribed frequency. 

10. A reproducing apparatus tor reproducing an audio 
signal from a recording medium having n recording 
regions (n is an integer defined as: n > 2) in which n 
trains ol sampled data items are recorded, respec- 
tively, such that the sampled data items ol any train 
may not overlap the sampled data items o1 otner 
trains, said sampled data items having been gener- 
ated by sampling and quantizing an input analog 
audio signal at a sampling Irequency ot n x Is 
(KHz), and any sampled data item of each train 
being an n-th item generated from the input analog 
audio signal, said apparatus comprising: 

selecting means for selecting a high-quality 
sound reproducing mode and a low-quality 
sound reproducing mode; 

reproducing means for reproducing the analog 
audio signal from the n recording regions of the 
recording medium; and . - - . 

control means for controlling the reproducing 
means so that the reproducing means repro- 
duces the analog audio signal from the trains of 
sampled data items recorded in m desired 
recording regions (m is an integer defined as: 2 
< m < n) of the recording medium when a user 
selected the high-quality sound reproducing 
mode, and reproduces the analog audio signal 
from the trains of sampled data items recorded 
in k desired recording regions (k is an integer 
defined as: 1 < k < m) of the recording medium 
when the user selected the iow-qualiTy sound 
reproducing mode. 

11. The reproducing apparatus according to claim 10, 
further comprising mixing means tor mixing the 
trains of sampled data items reproduced from the m 
desired recording regions (m is an integer defined 
as: 2 < m < n) of the recording medium. 

12. The reproducing apparatus according to claim 10, 
further comprising mixing means for mixing the 
trains of sampled data items reproduced from the k 
desired recording regions (k is an integer defined 
as: i < k < m) of the recording medium. 

13. Tne reproducing apparatus according to claim 10, 
tne reproducing means comprises a plurality of 
reproducing heads. 

14. The reproducing apparatus according to claim 10, 
in which tne reproducing means comprises a single 
reoroducing head, and which furtner comprises 
memory means for temporarily storing the trains of 
sampled oats items reproduced by the reproducing 
head trom each recording region and memory con- 



trol means tor controlling the memory means sc 
that the trains of sampled data items may be written 
into the memory means faster than is read trom the 
memory means. 

15. The reproducing apparatus according to claim 10, 
wherein one ol the trains of sampled data items 
reproduced by the reproducing means trom the m 
desired recording regions (m is an integer defined 

w as: 2 < m < n) of the recording medium, or a part ol 

the train, is interpolated with any other train, when 
the train or that part thereof has been lost. 

16. The reproducing apparatus according to claim 10, 
io wherein n = 2 and m = 2, the reproducing means 

reproduces a predetermined length of the train of 
sampled data items recorded in a second recording 
region after reproducing a predetermined length of 
the train of sampled data items recorded in a first 

20 recording region associated with the second 

recording region, and the reproducing means 
reproduces again .the train-of sampled data items 
recorded in the first recording region after reproduc- 
ing the predetermined length of the train of sampled 

25 data items recorded in the second recording region. 

17. A reproducing apparatus tor reproducing a video 
signal trom a recording medium having n recording 
regions (n is an integer defined as: n > 2) in which n 

30 trains o1 sampled data items are recorded, respec- 

tively, such that the sampled frame data items of 
any train may not overlap the sampled frame data 
items of other trains, said sampled frame data items 
having been generated by sampling and quantizing 

35 an input analog video signal at a sampling fre- 

quency ot n x ts (KHz) (where ts is 1rame fre- 
quency) and any sampled frame data item of each 
train being an n-th frame generated trom the input 
analog video signal, said apparatus comprising: 

40 

selecting means for selecting a high-quality 
image reproducing mode and a low-quality 
image reproducing mode; 

45 reproducing means tor reproducing the analog 

video signal from the n recording regions of the 
recording medium; and 

control means for controlling the reproducing 
5 o means so that the reproducing means repro- 

duces the analog video signal from tne trains of 
sampled frame data items recorded in m 
desired recording regions (m is an integer 
defined as: 2 < m < n) of the recording medium 
5-r, when a user selected the high-quality image 

reproducing mode, and reproduces the analog 
video signal from the trains o1 sampled fame 
data items recorded in k desired recording 
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regions (k is sn inieger defined as: l < k < m) oi 
tne recording medium wnen ihe user selecied 
the low-quality image reproducing mode. 

18. The reproducing apparatus according io claim M , 
further comprising mixing means tor mixing the 
trains of sampled frame data items reproduced 
from the m desired recording regions (m is an inte- 
ger defined as: 2 < m < n) of the recording medium. 

ic 

19. The reproducing apparatus according to claim 17 : 
further comprising mixing means for mixing the 
trains of sampled frame data items reproduced 
from the k desired recording regions (k is an integer 
defined es: 1 < k < m) of the recording medium. 75 

20. The reproducing apparatus according to claim 17 : 
the reproducing means comprises a plurality of 
reproducing heads. 

20 

21. The reproducing apparatus according to claim 17 : 
„. in which the reproducing means comprises a single 

reproducing head, and which further comprises 
memory means for temporarily storing the trains of 
sampled frame data items reproduced by the repro- 25 
ducing nead from each recording region and mem- 
ory control means for controlling the memory- 
means so that the trains of sampled frame data 
items may be written into the memory means taster 
than is read from the memory means. 3c 

22. The reproducing apparatus according to claim 17. 
wherein one of the trains ot sampled frame data 
items reproduced by the reproducing means from 

the m desired recording regions (m is an integer 35 
defined as: 2 < m < n) of the recording medium, or 
a part of the train, is interpolated with any other 
train, when the train or that part thereof has been 
lost. 

AO 

23. The reproducing apparatus according to claim 17 : 
wherein n = 2 and m = 2, the reproducing means 
reproduces a predetermined length of the train of 
sampled frame data items recorded in a second 
recording region after reproducing a predetermined 45 
length of the train of sampled frame data hemt 
recorded in s first recording region associated with 

the second recording region, and the reproducing 
means reproduces again the train of sampled frame 
data items recorded in the first recording region 50 
after reoroducing the predetermined length of the 
train of sampled frame data items recorded in the 
second recording region. 

24. A reproducing method of reproducing an audio sig- so 
nal from a recording medium having n recording 
regions (n is an inieger defined as: n > 2) in whtcn n 
trains of sampled data items are recorded, respec- 



tively, such that the sampled data items of any train 
may not overlap the sampled data items of other 
trains, said sampled data items having been gener- 
ated by sampling and quantizing an input analog 
audio signal at a sampling frequency of n x ts 
(KHz), and any sampled data item of each train 
being an n-th item generated from the inout analog 
sudio signal, said apparatus comprising: 

a step of reproducing trains of sampled datE 
items from in desired recording regions (m is 
an inieger defined as: 2 s m < n) of the record- 
ing medium wnen a user selected the high- 
quality sound reproducing mode; and 

a step of reproducing trains of sampled date 
items form k desired recording regions (k is an 
integer defined as: 1 < k < m) of the recording 
medium when trie" user ^e I ecTed thV low- quality 
sound reproducing mode. 

25. A reproducing method of reproducing a video signal 
from a recording medium having n recording 
regions (n is an inieger defined as: n > 2) in which n 
trains of sampled data items are recorded, resoec- 
tively, such that the sampled frame data items of 
any train may not overlap the sampled frame data 
items of other trains, said sampled frame data items 
having been generated by sampling and quantizing 
an input analog video signal at a sampling fre- 
quency ol n x fs (KHz) (where 1s is frame fre- 
quency) and any sampled frame data item of each 
train being an n-th Irame generated from the input 
analog video signal, said apparatus comprising: 

a siep ot reproducing the analog video signal 
from the trains of sampled frame data items 
recorded in m desired recording regions (m is 
an integer defined as: 2 < m < n) of the record- 
ing medium when a user selected the high- 
quality image reproducing mode; and 

a step of reproducing the analog video stgnel 
from the trains of sampled fame data items 
recorded in k desired recording regions (k is an 
integer defined as: 1 < k < m) of the recording 
medium wnen the user selected the low-quality 
image reproducing mode. 

26. A recording apparatus for recording an audio signal 
on a recording medium having n recording regions 
(n is an integer defined as: n > 2). said apparatus, 
comprising: 

sampling means for sampling and quantizing 
an input anaiog audio signal at a sampling fre- 
quency of n x Is (KHz), generating trains of 
sampled data items; 
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data-dividing means tor dividing the trains ot 
sampled daia items generated by the sampling 
means, thereby looming n trains o1 sampled 
data items, any sampled data item ot each train 
thus lormed being an n-th item generated trom 
the input analog audio signa!; 
signal-processing means lor processing each 
ot the n trains o1 sampled data items tormed Dy 
the data-dividing means; and 
recording means for recording the n trains ot 
sampled data items processed by the signal- 
processing means, in the n recording regions 
(n is an integer defined as: n > 2), respectively. 

27. The recording apparatus according to claim 26, 
wherein Is = 44.1 (KHz). 

28. The recording apparatus according to claim 26, 
wherein n = 2. 

29. The recording medium according to claim 26, 
wherein the input analog. .audio signal has been 
subjected a filtering process ot cutting oft those 
components of the signal which have predeter- 
mined Ireouencies to suppress generation ot alias- 
ing. 

30. The recording medium according to claim 26, 
wherein the input analog audio signal has a low 
energy level at s frequency equal to or higher than 
a prescribed frequency. 

31. A recording apparatus for recording a video signal 
on a recording medium having n recording regions' 
(n is an integer defined as: n > 2), said apparatus 
comprising: 

frame-forming means tor sampling ano quan- 
tizing an input analog video signal at a sam- 
pling frequency of n x fs (KHz), generating 
trains of sampled frame data items; 

data-dividing means for dividing the trains of 
sampled frame data items generated by the 
frame-forming means, thereby forming n trains 
of sampled frame data items, any sampled 
frame data item o1 each train thus formed being 
an n-th hem generated from the input analog 
audio signal; 

signal-processing means for processing each 
of the n trains of sampled frame data items 
formed by the data-dividing means; and 

recording means for recording the n trains of 
sampled frame data items processed by the 
signal-processing means, in the n recording 
regions (n > 2), respectively. 



32. The recording apparatus according to claim 31, 
wherein ts = 44.1 (KHz). 

33. The recording apparatus according to claim 31 , 
b wherein n = 2. 

34. The recording apparatus, according to claim 3i, 
wherein the input analog viaeo signal has been 
subjecieo a filtering process of cutting off those 

w components of the signal which have predeter- 
mined frequencies to suppress generation of alias- 
ing. 

35. The recording apparatus according to claim 31, 
ii : wherein the input analog video signal has a low 

energv level at a frequency equal to or higher than 
a prescribed frequency. 

36. A recording method of recording an audio signal on 
20 a recording medium having n recording regions (n 

is an integer defined as: n > 2), said method com- 
. prising: ^ 

a step of sampling and quantizing an input ana"' 
2b log audio signal at a sampling frequency of n x 

1s (KHz), generating trains of sampled data 
items; 

a step of dividing the trains of sampled data 
items generated by the sampling means, 

3D thereby forming n trains of sampled data items, 

any sampled data item of each train thus 
formed being an n-th item generated from the 
input analog audio signal; 
a step ot processing each o1 the n trains of 

35 sampled data items formed by the data-divid- 

ing means: and 

a step of recording the n trains of sampled data 
items processed by the signal-processing 
means, in the n recording regions (n is an inte- 
40 ger defined as: n > 2), respectively. 

37. A recording method of recording a video signal on a 
recording medium having n recording regions (n is 
an integer defined as: n > 2), said method compris- 

45 ino: 



50 



a step ot sampling and quantizing an input ana- 
log video signal at a sampling frequency of n x 
fs (KHz), generating trains of sampled data 
items: 

a steo ot dividing the trains of sampled video 
data items generated by the sampling means, 
thereby forming n trains of sampled frame data 
items, any sampled frame data item of each 
train thus formed being an n-th item generated 
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from the input analog video signal: 

a step ol processing each of the n trains o' 
sampled irame data items formed by the data- 
dividing means; and t 

a step of recording the n trains of sampled 
irarne date hems processed by the signal 
processing means, in the n recording region? 
(ri is an integer defined as: n > 2), respectively, to 
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